Introduction
============

Exposure to several environmental chemicals which are extensively used in industry, such as polybrominated diphenyl ethers (PBDEs), polychlorinated biphenyls (PCBs), bisphenol A (BPA), and polychlorinated dibenzo-p-dioxin (PCDD), during the perinatal period has been suggested to be a possible causal factor for abnormal development, especially during the brain growth spurt (BGS).[@B1] The BGS usually begins during the third trimester of pregnancy and continues throughout the first two years of life.[@B2] The neurotoxic properties of environmental toxins (ET) have well been documented in a number of animal and human studies. Some of those studies suggested that the prenatal exposure to PCBs and PCDD could affect the development of brain and endocrine system.[@B3] PBDEs, a common flame retardant for furniture and electronics, have been reported to be associated with adverse brain development in animals.[@B4],[@B5] Many animal studies have noted that acute or repeated perinatal exposure to PBDEs may alter motor and cognitive function in newborn animals.[@B6]-[@B8] It has been reported that PBDE exposure affects important proteins such as BDNF, CaMKII and GAP-43, biochemical substrates involved in neuronal survival, growth, and synaptogenesis.[@B5] Another chemically stable and bio-accumulated ET, PCBs which are used in joint-sealing material, glue-linking double glazing, concrete, paint, and plaster have been reported to disrupt the developing brain circuits. PCBs were thought to be associated with learning disorders and attention deficit hyperactivity disorder (ADHD).[@B9] Early accidental exposure to PCBs was observed in cognitive impairment and hyperactivity in infants.[@B10] In addition, BPA is used in the manufacture of various consumer products including polycarbonate containers for storage of food and beverages.[@B11] The result of a study suggested that BPA released from polycarbonate drinking bottles might be related to the abnormal development of cerebellar neurons *in vitro*.[@B12]

Although there has been a controversy regarding the precise timing of the neurodevelopmental changes in ASD, an abnormal pattern of brain growth in autism spectrum diseases (ASD) has been reported in developmental and neuroimaging studies.[@B13],[@B14] It has been reported that ASD children have reduced their head sizes at birth, but the head sizes increased excessively between 1-2 months and 6-14 months.[@B13] A magnetic resonance imaging study by Schumann et al.[@B14] noted that 2-4 year old children with ASD had larger brain volumes in frontal, cerebellar, and limbic regions of the brain. In addition, reduced connectivity of white matter in ventromedial prefrontal cortices, anterior cingulate gyrus, and superior temporal regions has been documented in an ASD study using diffusion tensor imaging (DTI).[@B15] Compared to healthy controls, lower functional connectivity between left posterior superior temporal gyrus and left inferior gyrus has also been found in children with ASD.[@B16]

In a review of mouse model studies, the significant effect of ET to mouse phenotypes of autism such as anxiety, seizures, sleep disturbances and sensory hypersensitivity was suggested.[@B17] It has been demonstrated that exposure to dietary peptides and xenobiotics, such as casein and ethyl mercury, may instigate autoimmune reactions in children with autism.[@B18]

In a study of public health strategies for reducing aflatoxin exposure, Strosnider et al.[@B19] assessed the relationship between current knowledge of aflatoxin-contaminated food and morbidity in developing countries. In line with this report, we hypothesized that mothers with ASD children would have less knowledge about ET and more chance to be exposed to ET than mothers with healthy children (MHC).

Methods
=======

Subjects
--------

One hundred and six biologic mothers with an ASD child (MASD) were recruited from schools for mentally-handicapped children in Seoul, Chungju, and Chuncheon, South Korea. The children with autism spectrum disorders were diagnosed by a child psychiatrist and were confirmed by the Government, ministry for health, welfare and family affairs when they entered schools. Three hundred and twenty four biologic MHC were recruited as control subjects from elementary schools in Seoul, Chungju, and Chuncheon, South Korea. To screen psychiatric problems, the Symptom Checklist-90-Revision was administered.[@B20] In both groups, mothers with a history of psychiatric disease and/or substance dependence were excluded. Between the MASD and MHC groups, there was no significant difference in age, mother\'s age during pregnancy, years of education, history of breast feeding, or history of social drinking ([Table 1](#T1){ref-type="table"}). The protocol for this study has been approved by the institutional review board of Chung-Ang Yong San Hospital in Seoul, Korea. And written informed consent was obtained from all subjects before the study began.

Instruments
-----------

All participants were assessed with two questionnaires. In the first group of questions (left column), fourteen questions addressed the extent of knowledge of the mothers about ET and their potential harm. In the second group of questions (right column), fourteen questions addressed the extent to which MASD or MHC were exposed to ET during the BGS period of their children. The format of questionnaires used in current research was similar to the questionnaires in Jang et al.\'s[@B21] study. Each question in both questionnaires was rated with a seven-point Likert scale ([Table 2](#T2){ref-type="table"}).[@B21] Of the fourteen questions, twelve asked about the possible exposure to ET whereas the other two concerned control items. Those twelve questions regarding possible exposure to PBDEs, PCBs, BPA and PCDD were selected based on the guidelines provided by the study \'Ministry of Environment for the Republic of Korea\', which suggests that these four substances are the common ET in Korea.[@B22] And two questions with control items included dairy products and seafoods which were known not to be specifically associated with common ET in Korea.[@B22] The Child Behavior Checklist Korean version (K-CBCL) was used to assess behaviors of the children.[@B23],[@B24]

Analysis of data
----------------

Demographic and clinical variables involving continuous and categorical data were compared using independent t-tests and chi-square tests, respectively. The knowledge about ET and the severity of exposure to ETs were also compared using independent t-tests. The correlation between the knowledge of ET, severity of exposure to ET, and child behavior was tested with Pearson\'s correlation analysis. Statistical significance was two-tailed and defined at an alpha level of 0.05. The significance was defined at p=0.003 (0.05/14) in the post hoc comparison of the knowledge of ET and the grade of exposure to toxin subscales. Statistica 6.0 was used for all computations.

Results
=======

The kappa values (test-retest reliability) of questionnaires for knowledge regarding the possible toxicity and possible exposure were 0.449-0.613 and 0.450-0.690 (p\<0.05), respectively. Cronbach\'s alpha (Internal consistency reliability) of twelve ET related questions for knowledge regarding the possible toxicity and exposure were 0.916 and 0.807, respectively. Cronbach\'s alpha between twelve ET related items (knowledge/exposure) and two control items, dairy product and seafoods were 0.257/0.264 and 0.269/0.287, respectively.

The total score for twelve questions related to knowledge of ET in MHC (61.4±16.3) was higher than that in MASD (54.8±16.5)(t=2.9, p=0.001). The possibility of exposure to ET was also higher in MASD (35.5±11.1) than in MHC (29.4±8.4)(t=5.6, p\<0.001). A post hoc analysis revealed that MHC showed greater knowledge regarding the possible toxicity of plastics (t=4.3, p\<0.001), newly built houses (t=4.5, p\<0.001), polyurethane foams (t=3.1, p\<0.002), fast food (t=4.6, p\<0.001), microwaveable food (t=3.2, p=0.001), and textiles (t=3.3, p=0.001) compared to MASD ([Table 3](#T3){ref-type="table"}). In another post hoc analysis of questions about possible exposure to ET, MASD showed higher sub-scale scores in response to questions about canned food (t=4.21, p\<0.01), plastics (t=6.2, p\<0.001), waste incinerators (t=3.0, p=0.003), old electronics (t=3.4, p=0.001), microwavable food (t=5.7, p\<0.001), and textiles (t=3.7, p\<0.001) compared to MHC ([Table 3](#T3){ref-type="table"}). There was no significant difference in exposure scores to control items including dairy product (knowledge: t=0.6, p=0.6, exposure: t=1.0, p=0.32) and seafoods (knowledge: t=0.6, p=0.58, exposure: t=0.9, p=0.38) in both questionnaires.

Across all study participants, there were no significant correlations between total scores of questions about knowledge of ET and questions about exposure to ET. However, in the MHC group, there was a negative correlation between total scores of questionnaires regarding knowledge of ET and possible exposure to ET (r=-0.221, p\<0.001).

The total scores of self-reported exposure to possible ET in MASD were significantly correlated with the K-CBCL subscale score child aggression (r=0.287, p=0.004), somatic complaints (r=0.292, p=0.004), emotional lability (r=0.313, p=0.002), and delinquencies (r=0.311, p=0.002). In the post hoc analysis, aggression was associated with the exposure score of ETs in plastics (r=0.280, p=0.006), old electronics (t=3.4, p=0.001), and microwavable food (r=0.281, p\<0.001). However, there was no significant correlation between self-reported exposure to possible ET in MHC and subscales of K-CBCL of their children.

Discussion
==========

The etiology of ASD remains largely unknown. Although results from genetic research including family and twin studies strongly suggest that genetic factors play an important role in the etiology of ASD,[@B25] environmental factors may also have a crucial role in the expression of ASD phenotype. This is especially true when the influence of environmental factors converges with defective genes linked to autism risk. Since 1998, the Ministry of Environment of the Republic of Korea has begun to recognize the possible consequences of the exposure to critical toxins. These efforts have allowed people to recognize the harmful effects of ET more easily,[@B22] but a well-controlled research with a more systematic approach will be necessary.

As a first step toward the characterization of the association between ASD prevalence and ET, our current results indicate that mothers with ASD children had less knowledge about an increased possible exposure to ET, such as PBDEs, PCDD, PCBs and BPA. Furthermore, MHC showed a negative correlation between the knowledge of ET and the exposure to ET. In addition, reported exposure to ET was associated with severity of behavioral problems in children with autism spectrum disorders.

PBDEs
-----

Extensive amounts of PBDE have been used as flame retardants and as ingredients in plastics, waste incinerators, old electronics (television set and computer), polyurethane foams and textiles.[@B26],[@B27] Kim et al.[@B28] reported that the PBDE blood level in Koreans is higher than those reported in any other country. Increased lifetime exposure to PBDE is thought to disrupt the nerve differentiation.[@B29],[@B30]

PCDD
----

Plastic goods and waste incinerators are reported to be associated with dioxin and its metabolite, PCDD. The incineration of municipal and industrial waste was regarded as an important source of PCDD in the Netherlands.[@B31] \"Fast food,\" also referred to as \"junk food,\" was thought to contain pollutants such as PCDD, PBDEs, and PCBs.[@B32] Peterson et al.[@B33] have suggested that fetal and neonatal exposures to dioxin are also associated with prenatal mortality in mammals. Prenatal exposure to PCBs and PCDD might have a neurotoxic effect and delay the development of cognitive and motor abilities.[@B34] During pregnancy, PCDD and PCBs are known to cross the placenta.[@B35] Therefore, maternal exposure to ET during pregnancy can be one of the factors that determine the degree of fetal exposure.

PCBs
----

PCBs were widely used for many applications, especially as building materials and dielectric fluids in transformers and capacitors. Newly built houses, old electronics, and waste incinerators could be the sources of PCBs. An epidemiological study by Koopman-Esseboom et al.[@B36] said that maternal PCB exposure had a negative effect on cognitive development at 7 months of age. Kenet et al.[@B37] suggested that perinatal exposure to noncoplanar PCBs could disrupt the development of primary auditory cortex in rats and might contribute to common developmental disorders. Huisman et al.[@B38] have reported that preand postnatal exposure to PCBs and PCDD disrupted neurological development in newborn infants.

BPA
---

Various products including plastic goods, microwavable food, hot canned beverages, and dental sealants such as amalgam were thought to be associated with the exposure to BPA, because BPA is extensively used in epoxy and polycarbonate resins.[@B12] Especially in high temperature, BPA can migrate from containers to food and beverages.[@B39] Bindhumol et al.[@B40] reported that BPA could induce oxidative stress, and Lin et al.[@B41] suggested that BPA-induced reactive oxygen might have a cytotoxic effect on dopaminergic neuron.

The biological mechanism of neurotoxic effects of ET, such as PBDEs, PCDD, PCBs and BPA remains still unclear. Several studies have proposed that ET disrupts the thyroid hormone functions as an antagonist.[@B42],[@B43] Indeed, thyroid hormones were known to play an important role in the dendritic development of neurons.[@B44] And other studies have suggested that ET interacts with neurotransmitter systems such as dopaminergic and cholinergic transmission and alters behavioral pattern of mice.[@B7],[@B45],[@B46] Also, several studies have suggested that ET disrupts second messenger systems and increases oxidative stress and intracellular calcium level in neurons.[@B47],[@B48]

Study limitations
-----------------

There are a number of limitations to the results reported in this survey study. First, because the possibility of the exposure to ET was assessed with subjective scales and without biological evidence, a direct correlation between the cause and the effect of ET exposure on children with autism spectrum disorders was not shown. In addition, other possible etiologic factors than ET, such as the genetic polymorphism were not considered. Furthermore, an objective relationship between recognizing the importance of ET and reducing exposure was not determined by any objective method. Further studies are required to ascertain the biologic effects of ET exposure on the prevalence of autism spectrum disorders.

Conclusions
-----------

The exposure to ET, such as PBDEs, PCDD, PCBs and BPA, can be considered as candidate factors, which is associated with the diagnosis and behavior-aggravating factors in children with autism spectrum disorders. We cautiously suggest that education with respect to the serious risks of ET could have important public health consequences.
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Mothers c ASD: mothers with children with autism spectrum disorders, CBCL-K: Child Behavior Checklist Korean version
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^\*^statistically significant, ^†^control items. MASD: mothers of children with autism spectrum disorders, MHC: mothers with healthy children, ET: environmental toxins, Total: sum of twelve questions for knowledge or possible exposure to ET except dairy product and seafood
